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Line 15 delete ^^inorganic"; 
Pg.37 Line 23 change "micronutrients" to --nutrients--; 
In the Claims: 

Delete Claims 1-69, 74 and 75 
Add the following claims: 
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76. A combination seed capsi^fe comprising: 
at least one viable seec 

said seed acting as yc ^ ^r pseudo-core of said combination 
seed capsule; 
^^jroating c oyfpri sing dicalcium phosphate. 
A combination seed ca^/ule comprising: 
at least one viable see 

said seed acting aya core or pseudo-core of said combination 
seed capsule; 

coatings conj^rising a growth enhancer and material fines. 
JS. The combination s^d capsule of claim 77 wherein said growth enhancer is 




The combination seed capsule of claim ^^^yherein material of saidj^aterialf 

are comprised o f i ndustrial byp r od u ct . 
The combination seed capsule of claim ^wherein the material is a 
byproduct of a paper making process. 

The combination seed capsule of claim T^ywherein the byproduct is paper 
sludge. 





(szl^ The combination seed m^^^o{ claim 79 wherein the byproduct i s fly ash ^ 
J^afr The combination seed capsule of claim^^||/wherein thcjmatenalj^f^^ is 

comprised of municipal sewage. . h n , 

«^4f The combination seed capsule of claim^^wherein thejmaterial^|(Hie» are 
comprised of gpa ss y/woody sttbstancc j ^ . 



85* A combination seed capsule comprising; 

^ 4kt least one viable seed; said Sj^ actiflg as a core or pseudo-core of said 
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combination seed capsule;^ k / , 

£»?/ tf>^k4io^' 

a coating of a coip^(isition comprisingynateriayfifles; 
said cq^ttifg being applied to said viable seed by 

^g g loniprafinn nperatinn . — , ^^ .^ ta^^'''/*'^'*^ 



The combination seed capsule of claim^^^^herein material of saidj|materiali* 
- 4in m are comprised of induatiial bypiudiret . 

«^Tr The combination seed capsule of claimjK^ wherein the material is a 
. byproduct of a paper making process. d 
The combination seed capsule of claim So wherein the byproduct is paper 



sludge. 

The combination seed capsiilg^^aim 86 wherein the byproduct is fly ash. 
The combination seed capsule of clainrS^^herein thej|materia^[^iie» is 
comprised of municipal sewage. . v / . 

The combination seed capsule of claim^wherein the|materia|(fm6$ are 
comprised of grassy/w^oody subatancta. 



The combination seed capsule of claini^ wherein a binder is applied to said 



seed capsule. 



The combination seed capsule of claim ^^wherein a fertilizer is part of saidj^, ^ 



material|^fine», said binder or its own layer. 



94. The combination seed capsule of claim 92 wherein said binder contains 
lignin. 

95. A method of making seed capsules by ai/agglomeration operation 
comprising; 

spraying a binder on said seed; 
lifting and mixing said seeds wit^ material fines. 

96. The method of claim 95 wher^n said seed capsules are coated with a growth 
enhancer. 

1 97. The method of claim 96 ;^heg^ said growth enhancer is dicalcium 
phosphate. 

)8. The method of claUh 95 wherein said material fines are comprised of 

industrial byproduct fines. 
)9. The method claim 95 wherein said binder is a liquid fertilizer. 
LOO. The methyd of claim 95 wherein said binder contains lignin. 
Response to Otfice Action 

Applicant has canceled the original claims in the application and has added 
new claims 76-100. Applicant's attorney had a telephone interview with the 
examiner which discussed the use of dicalcium phosphate as a seed coating, and that 
this was not described in the prior art presently before the Examiner. 
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Granulation and Agglomeration by Fluidized Bed 
and Spray Drying Technology 
DR. SVEND HOVMlkKD 
NIRO ATOMIZER INC. 



INTRODUCTION 



The methods to be described do not involve any mechanical 
agitation or compaction of the powder to be agglomerated but 
are agglomeration techniques derived from fluid bed dryer and 
spray dryer technology. With these methods, the drying and 
agglomeration of a product: can be combined in one step in 
many cases. The agglomerated or granulated products from a 
Fluid Bed Granulator or Fluidized Spray Dryer are normally 
less dense and more fragile than the products agglomerated by 
the methods described previously in this course; however, 
stable and well defined agglomerates or granulates, that 
easily disperse in water can be produced in many applications 
without the addition of binder. The technology of coating 
particles in a fluid bed will also be described. 

An overview of the techniques described here can be presented 
as follows: 



1 



The starting materials can Influence the product 
characteristic- Granulation Is Initiated by formulation of 
liquid bridges « Accordingly, increasing particle surface 
area and absorption of water result in incomplete wetting of 
the surface of the particles and this will therefore result 
In decreasing granule size. 

Granule size is directly proportional to droplet size for a 
given binder solution and varying the droplet size might 
therefore be the most suitable way of controlling the granule 
size. 

The atomizatlon of the liquid binder can either be performed 

• 

by pressure nozzles or two fluid nozzles. Two fluid nozzles 
are often preferred in batch operations as they reduce the 
tendency to form wet agglomerates and of blockage of the 
nozzles. Further the position of the nozzle is an important 
parameter in the granulation process. Nozzles can be placed 
above the fluidized layer spraying downward, in the side of 
the fluidized layer, or at the bottom of fluidized layer near 
the distributor spraying upwards. Each position has 
advantages and disadvantages, however, no clear conclusions 
can be drawn from the available literature. 

After granulation the granules can be dried in the fluid bed 
at elevated inlet gas temperatures in order to reduce the 
drying time. 

C. Batch Fluid Bed Coating 

Following the drying, the granules can be conveniently spray 
coated in the same equipment, as experience has shown that 
the fluidized bed is ideal for spray coating and is giving 
constant and reproducible coatings of the granules. Fluid 



^10- 



10 



FILE No. 766 11/16 'yy Zl-ZH lUjitttU interned c lond i i ocl^ mu^^iiu - f-Huc m 



bed coarmg is an extreme exaapie of fluid bed granulation. 
The layering mechanisms are made to dominate totally by 
applying very low liquid feed rates and keeping the f luidized 
layer dry; thus, the drying rate rapid (16), (17), (18). 

coating is Important in a number of industries such as 
pharmaceutical, agrochemical. seed treatment, food, and 
confectionery . 

The reasons for coating are usually: 

appearance 
taste masking 

- moisture protection or isolation from other ingredients 
enteric coating 
-sustained release 
gastric release 

The ideal fluid bed coater will ensure an even coating of 
each discrete granule/tablet's surface and thus ensure a 
perfect mix of the particles throughout the whole f luidized 
layer, by avoiding any dead zones in the fluid bed coater. 
It is crucial that each particle to be coated passes through 
the spray zone, preferably without being in contact with 
other reticles and that the applied polymer is dried as 
rapidly as possible to prevent superficial sticking and 
picking off one surface to another. 

The Wurster Process, Fig. 6, a spray coating process in a 
fluid bed where the granules are circulated up through the 
center while being coated, has specially being developed for 
coating of small and medium sized granules (10) (19). 
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TABU e.52 Site-Enlflrgement Mathodi ond Applica tioni 

^^'^'^ _E()ulpnienl 

Presjureoonipidlon Piilonornioldlngprefi 

Tableling preu 

Holl'typeprea 

Pellet mill 



Tumbling and 
nilier 

iggtoRientlon 



Tliernul 



Spray irtdhodt 



Liquid tysteins 



Screw exhmder 

Inclined pan or dlil:;rolary^nim 
egglomentor 

Paddle mlienborlzonltl pan 

Powder hlenderJiDow-jelmiilng 

Mngind heatiiardeningln 

lrivellnggrat«.rolarykllfi. 

Snle<ltl]n,ihaltfunuee 
Drying indjolldlflcalinn In dnim 

dryen,08keri,endb-belt 

{yitenu 

Spray dryerj 
Prilling towen 



Fluh dryen 

ImmiiclbWlquid welling in 
variouiliiglhshcarand turbine 
ffllien 

Sol-gel proceolnipray column 

PeliriOocBilallonindnimtmid 
illrred vessel] 



Repraentatlve applications 



WaJtIc preform!, snail michlne paib from metal powiert 
{canj, gears, gasketi). metal borings and turning] 

Pliamiaceuflcal!, calilym Industrial ckembb, oersmlcs, 
melal powden 

Clay-type minerals, polaalimi cblotlde, sodium chloride, 
organic compound^ melil powden, ore, chaicoil, lime; 
, J'agiieaa.lltanhinipongetplmpliateroek 
Pharmaeeiillcili, plasty dayi, carbon, chatooal, 
Indwirial chemictb, fertjHien, rubber pnxlucti, animal 

Jlaiiiile. plaitia, nr^elrth Ouorides, days, catalyiti 

Fertlllien. iron orei, nonferrous ores; mineral and clay 
Niicti. catbofl biteir, varloiB Unely divided solld-wajte 
prttliKts 

Fej^iierj, premliing (or bailing, conditioning Keel-plant 

"Inilanl" (nods, detergent granulation 

Ferrous and nonrerrous ores, nlnends, cement clinker, 
uild'waste products 

Sulliir slata, urea, amnuHiliim nitrate, caiullc, varioiu 
rnin3,liol'ffleliadbetjvei 

[njlani foods, washing powden; dyejiuffs. press feeds 
Urea, ammflnlum nltrales, resin; coal-tar pitch, etc. 
Fettifimi. clays, niifiir, nuckir and other wastes 
Clays, dialomaeeous Mrihs, stereh, waste by-products 

Coal lines, jool and oil removal from water 

Melaldiearlilde spheroids 

Waitc iliHlge. mud and clay iltiiriet, seM^age sludge 



*Cf. Browning, Om Eng., 74(25), 147 (1967). 
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STRENGTH OF AGGLOMERATES Z 6\ 



i>- v*rloui 



' mulf rUt 
ji&kI m er 
product 

•r pniHuci. 
npcruiures 
*r. arabac* 
ICUflt, 41x1 
>r Attrition 
18C(t. Atlft- 



flcprcienUlivr applicntkmi 



PUton Of moWlna prtai 

l\i»ll l>'|M* pica 
Pfllcl mill 



Screw eilrudrr 

\neUne6 pan or dl»W; rmary Jruni 

PsddU mlier; J>«»rU«wt«l pan 

Powder bleiukrt; fiow-jrt mliUifi 

Sintering iod hc»i Ufdanina Irt 

ftr*t«-tllTn. ihift (urrioce 
Drying divi lolldlflcaillon In drum 

lystfliru 
Spray dryert 

r lutdixcMi and »p<ni!cd Ms 
fUsK drycn 

Immtic*b!<^ltqu(d vtiUn^ i« 
vAikMU hlgh-dtemf and lurUiiK 
rnU«r« 

Sol-g«l proccM In ipray colwnn 
rclWt AoccuUtkxi tn dmtni and 
gtlrrvd vettcU 



VitsUe preformi. small maclUne p*rl4 from fpeUl po-'den 
K-m.. gr»f5, R«lrti). f~-l.I iMvri.iffi and lurn.nsS 
|')„imywullci.lk. laUlyil*, indiutrml cl.riin<-al.. ccrai«l«. 

<1*v-uV mirwraU. iitaiwium chlnridf , »od.uni chlmidc. 

»rMnicc«n|x«ind.. nirUl pi.wdvrt. «r.n. clurcoal. hmr. 

muRitrfla. litinluni MxniHf, phmphaU- t<|ck 
rUf m.«-ftiir.K p1a«l«. il^y. cl«re,*l, 

indirttrlal ct«-n»kalJ. rrrtillam, ruW»«T |»rfiH.*tt)t. animal 

liimllr. HaiiK-i. fMc^MiHh niifldo. clay^. caulyitt; 
Kcnnii.'ri. in.» -iirt. nini(, rriui» nr« mU.rral and rUy 
pnHiitit^i, «ri«n W«t'h. varkKlK tim-ly dNidrd Jnlul watt* 

F^nililTi, prnni.ing for Ullin^ condiiliminB flocl-pUnl 

"Inrtanr foi Ji. drterxent gr-nuUlU». 

Krrwit and iwnfrrttHi. or«. minerab. wmrrt cUnitcr. 

Sulfur lUlrt. (irra. •minmilum nil rale, caurtlc varloiw 
' r«citii. hol-mcU adiirtlvri 

Iniutrt food»» wuWf^ rnmdrru dyfttulf*. prrt» (ecds 
Ur«*, ammonium ntualct. r*aln». coaMar pilch. <M. 
fntinwfi. ctay«. mlfor. nuclear and f4h« waUr* 
Obiy,. dlaloma««u3 cartta. «arch. wane by-producli 

(Vol fine*. *nnl and o4l remrwat from waler 



M<4al diearl>klr tphrtotdi 

WaUr aludgv. mud and cUy •Wrrlot fr^afio WMage 



•a-Bnwntrvg. Cham. C«ff..74t«5). 147 
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CalcuUUon of Agglomer »i« Sltwiglh For an ""I" 
inJImpf, InKnepper (J.). A«W«iton. op. e«.. 070) 
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whore X Is the pMtkJo diameter; P U the bonding force per prjjt o{ 
owTct: N U thimetn c6«dlnation number, l.e.. .renjge number of 
JSi erf conUct b<^ onen>beni and lU nf»p**^^^^^ ™ 
^ frwtlon of .old. in t)- .ftO^i^ 
he obtaned from • irt«HJ»ributloo *n»ly*U of ihe P^<** ™^ 
bulk denriiy of the packed paittcWa. A* an •PP^*';^f*^™ 

dintUon number N U ^/i^^^^^V^^^^Z,!^ T^^^ 
i) [Mebiner. Ind. Eng. Chem. IW« D«. Dev 3. S02 (lt»4)l 
For roobUe liquid blndert In the penduUr stale 



(8-39) 



whr^re . li ihc lurface tension of the binding liquid am! /(«) b • f unc- 
£^ the angle of contact INewitt arvd Conway.Jo.ves. Tr^na. Insi, 
ChcZ Eng. (Lmdoft), 38» 422 (1958)1 
!Uctti4 U complete, /(« - I. For the capllUry state 



(8-40) 



Thr temile ilrenalh of «n agglomerate In the pendubr slate U aboui 

2;.thA t caXy «ate. while the 

Intermediate «rength^ A cl«^ lopttrt^^^^^ 

greater flrcnjrth. To improve agglomerttc strongih. the imponaiKo 

aiould be i«ognlied (Rldt*«y Torbuck. Chem. Process t.ng. 
^'ftrXSblnding mech»ni«n. calculated valu« cfte^ijc 
rtre^ ^bowD In Fig. M5 indicate the rtrenifth to be cpected In 

irf^teShSr^^ ct mechanic (sec 

^^mlS^m the applied f«ee unilonoly ovw Af^S^' 
n wrdh^enlng pta^ or covering the iJaten auHace wltfi 
w!^okt^k»d at failure agolnrt pellet dUmeier for approx- 

^c^rtof such a plot at unit diameter yields a eompr«.lve.«rength 
factor. 
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IMi U. Rcvin e rrNHl mpojm iitt enlBt^jsmi proctssd and some of their 
typical flpptlcilxMii 



Tcthnology Meihod 




Tumble Balling dnim, 
kutifraiton pan. and cone 



Miwr 



Iniiuraiion 



PrcMure 
agglomeraiton 




Ruidizcd be^ 

Su&peruion (li< 

Shtft fumsce 
Rotary kiln 
Sirai^t graic 
GrBte-Kifn 
Calciwrs 

Extrusion preisa 
Peltelin^ machines 



Piston presses 
(tablcliing) 

Roller preiset 
(briqnirtling, * 
compeciingi 



Oihtr Agglomeration 
ag^lumeration by heal 
tneihods 

Spray 

solulincaiton 
Dircci capillary 
action 
Alternative 
iomi of 



pariide momtni 
Coating rechniques 



Flocculaiion in 
gases and liquids 



Applicationi (typical) 



lri>D orest other ore$, i^nent raw mix, 
fertiiitcn, dusts fromiluu colltttors. Hne 
partiiMlate waste nuieiiali, ctramics, clay, 
flndy divided minertih. etc. 

Ceramic materials, (erttliiefs, minerals, 
chemicals, phanDaceuiicals, foodstuffs, 
(teiergenrs, etc. 

Fcnilizm, phamtaceuttcal materials, Alter 
akes, foodstuffs, chem= alt 

Solids. e.g. coat from luspensiont 

Iron ores, other ora. tnioerals, waste 
materials, e.g. metal-bearing dusts, etc. 



Coals, ceramic materials, clays, polymers, 
ptasltci 

Animal feeds, rubber raw maleiials, 
catalysts, lubriciAti» uabilizets, pigmenii, 
polymers, clay, chemicals, pharmaceutical 
priMiuds, inscdicides, herbicides, 
fungicidd, etc. 

Pharmaceutical products, catalysis, metal 
powders, ceramic maieriab. i'hemicals. 
pigiDtnts, plastic ponrders 
Coals, coke, salts, minerals, ores, 
fcrlilizers, chetnicals. metal powders, 
animal feedSi polymers, refractories, t^aste 
maietials» melal^bciring Ttncs, 
pharmactuiical products, sponge iron, etc 

Ores, spedfically iron ores, meial-bearing 
wastes and du^ts, mill scale, etc. 

Urea, other fertilizers, pitches, asphalt, 
waxes, rains, sulfur, inorganic saht, etc. 

Powders, chemicalt, coal (spherical 
agglomeration) 

Finely divided paniculate solids, 
ph&rmaceuticali, chemicals, food cstraas 
(instant characteristics! 
Pharmaoeuiicals, food, fertilizers and 
agricultural c)iemical$ (control of release), 
microencapsulation of pigments, etc. 
Envtrofimenlal ^oita'm, aggregation of 
solids in gases, /locculalion of solids in 
liquids, selective llocciilafiun, etc 
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Table 14. Wanted and unwanted agglomeration in various pro. reas 



Product area 

Aggregate 

(-flmm) 



Agricultural 
clicinictfls 



Process 



Alumina 
Animal feed 
Carlion black 

Ceramics 

(China) cby 
Coal 

Detergents ' 



Dust 

(-0.5 mm) 



Fertilizers 



Filler cakes 

Fumes (micrometer 
and subtnicromcter) 



Unwanted 



Wanted 
Briquetling, 

compacting i crushing and 
screening 

Tumble agglomeration 
(diK und dnmi), mixer 
agglumeralion, briquetting. 
contpaLiing+ crushing and 
saeening 

Granulation (tumble/ 
pressure), calcining 

Pelleting, mixer 
agglumeratiun, brtqueriing 

Fluid bed, mixer 
agglomeraiiun, granulation by 
compaction 

Prtcipiialion, sol-gel, spray 
drying and granulation, 
conipaiiioniifmliingand 
screening, tablctiing 

Tumble aggloineratioii, cxirnsiiiii Lumping, cakini* 

Calcinating, briqutliing. tumble lluild-up 
agjjlomerjiiiun, sphrrii'al 
aggloineraiioi) 



Caking, bag set, 
build-up, 
(tow prohlcms, 
segregation 
ditc 10 selective 
agglomeration 

Build-up, caking, flow 
problems 

Caking 

Build-up, caking, {\ovf 
problems 

Build-up, caking 



Spray drying or granulation, 
niicropelletization (drum, disc, 
mixer), tablctting, pelleting 

Tumble agglomeration (diic. 
drum, fluid bed), briquetting. 
coAipaciing, pclleiixing 
(extrusion) 

flm or disc granulation, 
compaaiontcru:(hing and 
urrttning, drop solidification 

Tumble agglomeration, 
fariqueitiflg, pelleting 

Fluid bed (with and without 
binder), disc and drum 
agglomeration 



Caking, tumping, 
build-up 

Huild-up. caking 



Caking, build-up, bag set 



Caking 

Build-up, caking, 
now problems 
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several types of agglomeration equipment can 
be idenlined. A description and list of equip- 
ment for each method follows: 

Agitation methods ara characterizod by 
tumbling or particle-growth mixing, usually in 
the presence of a liquid. Available equipment 
includes disc pelletizers. drum pelletizers. 
cone pelletizers. paddle mixers, plow mixers. 
mtxer-muller3. mixer-granulatora. pin mixers, 
coating pans* vertical mixers, cone blenders, 
vibrating screens, and vibrating conveyor- 
processors. 

Pressure methods ara characterized by 
force, as with compaction techniques. Avail* 
able equipment Includes briquatters, com- 
pactors, extruders, pellet mills, tabletting ma- 
chines, and isostatlc compaction presses. 

Thermal methods are characterized by ap- 
plied heat, as in einlering or fusion and melt 
crystallization techniques. Available equip- 
ment Includes heat-hardeoing devices, sinter 
strands or grates, indurating kilos, oodulizing 
kilna. drying and solidifying equipment, drum 
dryera, bait dryers, and hot-melt drum or pan 
granulators. 

Liquid methods are characterized by spray 
or fluid bed agglomeration and agglomeration 
from liquid media. Available equipment in- 
cludes spray dryers, prilling towers, spray 
granulators, and immiscible liquid- wetting de- 
vices, 

Selectiim Factors for Oiooeiag an 
AgtiomeratlfHi Method 

Selecting an agglomeration process or 
method depends on saveral factors. Including 
the kind of raw material the type of equip- 
mant« the Intended oaa of the end product or 
agglomerate, and the uao of a binder or 
bbiders. In maay cases, there la a trade-off or 
compromise not neceaarily determined by one 
factor abna. 
Kind ef law Matetioi 

tn some instances, the selection of a method 
can be entirely dependent on the raw mateh- 
ars site or size range and uniformity of size. 
For example, a raw material that is 100 per* 
cent minus 325 meah has different procaaa re* 
quirementa than a granular-fine stream rang* 
Ing from 10 mesh to 329 mesh with a uniform 
aisa dtatribution curve. 

The materiara feed moisture, bulk density, 
angle of repoaa, flow charactariattes. chemi- 
cal composition, and toxicity can also effect 
the selection process* Table 1 Uata the mate- 
rial characteriatica of typical agglomerator 
feed streams, as well as the agglomeration 
methods suitable for these materials. The ta* 
ble shows the Influence of the oondilion, size, 
handling characteriatica. and moisture con- 
tent of the raw material on proceas selection. 

It should be noted, however, that there are 
exceptionfl to these guldeUneow For inslence. a 
pasty material may have to be extruded to uti- 
lize the flowahllity. viscosity, and moldability 
characteristics of the material as it flows 
through the fiugfir and eitruder die. la oa- 
other case, a relatively coarse, but dry feed- 



stock with the consistency of sand may not be 
polletized by agitation and pellet growth 
alone: pressure, induced by a doubl^roll bri- 
quetter. may be reqtiired to compact the par- 
ticles. Other feed materials, such as wood 
chips, are elastic and. at times, have a rather 
amorphous shape and size. Palletizing and 
briquetting are poor agglomeration choices 
for these materials. A pellet mill or pellet 
press that applies pressure and friction and 
has a certain retention time in the die is a bet- 
ter choice. 

in many cases, it is necessary to test a rep- 
resentative sample of a particular material in 
the laboratory l>efore one or several agglom- 
eration methods can be selected. Regardless 
of whether there is a previous application his- 
tory, many materials are somewhat different, 
even within the same species, and should be 
tested. 

Type of Equipment 

The selection of an agglomeration method 
may not involve as wide a range of possibili- 
ties and variables as the field of equipment 
suggests. (Sea Table 2| When selecting ag* 
glomeration equipment, the processes before* 
during, and after the actual particle size en- 
largement step must also be considered. The 
total system, including storing feed metering, 
proportioning, conveying, pretreating, binder- 
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adding, product handling, post-treating, 
screening, packaging, and shipping can influ- 
ence the selection of an agglomeration device. 

For example, almost all continuous agglom- 
eration equipment requlrea a uniform and 
controllable feed, by either a votumetrlo or 
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ft. height, if the actual handling of the product 
19 reasonable, not severe, and the end use is 
feedstock within the plant? 

The physical specifications for soma ag- 
glomerales are very strict. particuJariy if in- 
dustry practice, market standards, or compet- 
itive pressures require adherence to a code. 
For instance, iron ore pellets, compacted pot- 
ash granules, molecular sieves, catalyst sup- 
ports, and metal briquettes for furnace 
charge require very high product strength. 
On the other hand, many other agglomerates 
have CO fixed or knovim standards. A realistic 
tresis for determining the desired physical 
specifications reduces Investing and operat- 
ing costs and makes the task of the equipment 
supplier and teat engineer much easier. 



Binder Uae 

Binderless agglomeration, ustng only the 
natural or Induced bonding forces of the par- 
ticulate and the optitoum densificatlon (pack- 
ing] at lowest porosity. Is the most desirable 
and ecaoomical agglomeration method. U a 
liquid needs to be added to induce particle 
flow and compaction, water is the first 
choice. If binderless agglomeration or water 
atone cannot produce a permanent bond with 
high tenaUe streng^th. than additional binder 
materials must be added to increase the Tinal 
product strength. 

The method of hinder classification first 
proposed fay P.I. Waters' and further de- 
scribed by K.R. Komarek/ diatlnguiahes 
binders by type, phyolcals, function, and 
chemical compodtion. Binder materials are 
either liquid (water, alcohol. oil« silicate, 
add), solid (clay, dry starch, bentonite) or 
sami-^oUd (tar, pitch). Soma binders act upon 
the product as film between solid particles 
(water, starch, silicate): others act as a ma* 
Irlx, filling voids between the particulates 
and becoming part of the dense mess of the 
agglomerate (tar. pitch). Those classified as 
chemical binders roly on tha ch«m(cal reac< 
tlon within the binder upon curing or heating, 
or between the binder and the raw material. 
Two binders can also be added^such as ce- 
ment and water* Ume and water, and lima and 
moiasaes^to produce a chemical reaction 
and induce bonding strength in the agglomar* 
ate. 

Tha use of a binder is often limited by the 
specifications of the agglomerate. Some ag- 
glomerates can or cannot use organic 
binders, inorganic binders, or binders con- 
taioing ash-form constituents, sulphur, or 
toxic materials. Cost can also limit the use of 
a binder. The purchase cost can make the use 
of an otherwise excellent binder uneconomi- 
cal, or the transportation cost may be higher 
than the binder cost at origin. 

When selecting a binder, emphasis should 
be placed on the proper test procedures. The 
selection of a binder can influence the ag- 
glomerate's post-treatment process, including 



(he type of equipment to be used for curing, 
drying, heating, and firing.' For the best 
results, laboratory results should be opti- 
mised and bench-tests qualified with at least 
one larger run io a prototype machine. 

Wrapping Up the Selection Process 

As this ariicle has shown, selection of the 
proper agglomeration method and equipment 
depends oo the characteristics of the raw ma- 
terial, the limitations of the equipment, the 
specifications of the desired agglomerate, 
and. in ^some instances, the choice of a binder 
or binders. 

To help make process comparison and sa^ 
lection easier once this information is known. 
It is also useful to: study prior agglomeration 
applications for tha same or simi^r raw ma- 
terial: review technical documentation on ag- 
glomeration methods or types of equipment 
made by professional societies. Industry trade 
groups, or Independent research organiza- 
tions: consult industry standards on agglom- 
erate product quality: and. compare v endor 
Information and budget proposals. QQQ 
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